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(57) Abstract 



An apparatus for guiding a surgical tool (1), mounted on a 
mechanism (3) connected to a head (4) of a robotised positioning 
unit (5). The mechanism (3) defines a plane of movement integral 
to the head (4) which has a plurality of degrees of freedom, by 
means of arms (10, 11, 12, 13, 14) rotating with respect to one 
another. The positioning unit (5) is connected to a basement 
(17) movable on wheels under a surgical bed (18) and which can 
secured to the latter. The positioning unit (5) brings the head (4) in 
a predetermined location of the space so that the tool (1) is located 
near the operation region, the plane of the mechanism (3) integral 
to the head (4) is parallel to the plane of a reference surface 
which has to be created on the bone, and the manually operated 
tool (1) cuts with the precision said reference surface parallel to 
such plane. An equipment (19) for the support of the leg and 
for reference to the knee is also provided. The apparatus allows 
the creation with precision of reference surfaces for implanting a 
prosthesis thereon. 
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TITL.g 

ORTHOPAEDIC SURGERY APPARATUS FOR GUIDING A TOOL AND FOR 

SUPPORTING A LIMB. 

DESCRIPTION 

5 Field of the invention 

The present invention relates to the field of 
orthopaedic surgery and, more precisely, it refers to an 
apparatus for guiding a tool handled by a surgeon during 
bone cutting operations when creating fixing and reference 
10 surfaces for a prosthesis. 

Furthermore, it refers to a supporting and reference 
equipment for limbs during cutting operations with said 
apparatus, as in particular, even if not exclusively, for 
the support of the leg and for reference to the knee 
15 throughout surgical operations for setting a prosthesis. 

Degcriptxo?7 of thg pxiox art 

The surgical practice for setting a prosthesis 
during orthopaedic surgery operations provides for the 
step of removing portions of the bone that has to be 

20 corrected and the step of creating fixing and reference 
surfaces for the prosthesis. 

For example, in the case of knee operations, the 
implant of a prosthesis is necessary for re-establishing a 
normal joint between femur and tibia. One of the steps of 

25 the operation provides for the modification of the distal 
femur, which is removed and replaced by a prosthesis 
suitably shaped that re-builds the ideal surface of the 
joint thus accomplishing a correct sliding on tibia. 

During the operation, more precisely, the knee of 

30 the patient is appropriately kept still and the involved 
portions of the femur and of the tibia are exposed. Then, 
the surgeon with the cutting tool, normally consisting of 
pneumatic saws, removes the bone portions of the femur 
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that have to be corrected by the prosthesis, making then 
manually the suitable reference surfaces and finishing them 
off. 

It is therefore necessary a remarkable skill of the 
5 surgeon who, during the operation, finds out the correct 
reference axes of the prosthesis, previously calculated at 
the moment of its manufacture according to the most 
favourable calculated posture of the limb that has to be 
corrected. 

10 Notwithstanding the high skill required to the 

surgeon, however, the identification of such axes without 
the help of a precise guide is subject to a high 
probability of error which cannot be easily reduced. 

On the other hand, the prosthesis is calculated and 

15 manufactured with sophisticated means in order to correct, 
once implanted, the limb in the most favourable way. 
However, the precision with which the prosthesis has been 
made is useless if an error in the orientation thereof 
occurs . 

20 A similar problem arises in the case of other 

surgical orthopaedic operations in which a prosthesis is 
implanted . 

On the other hand, robotised guiding means are known 
which support the surgeon during the operation and guide 

25 the tool along predetermined trajectories preventing it 
from being moved wrongly. Such robotised means give to the 
surgeon an appropriate support when approaching the 
operation point but limit his finishing action, which is 
more delicate. Furthermore, they are often cumbersome and 

30 are not suitable for being associated in a flexible and 
versatile way to a surgical bed. 

Moreover, always throughout knee operations, for a 
correct fastening of the leg, the femur is currently 
supported at the thigh. The femur and tibia, however, are 
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not fastened to any fixed support, but are firmly clasped 
by the assistants hands who prevent the leg from moving, 
as far as possible, during the bone cutting steps for the 
creation of the reference surfaces for the prosthesis. 
5 Is then necessary, after having oriented properly 

the tool, to orient and fix properly also the leg by 
suitable means, currently not available. 

Summary of the invention 

It is, therefore, an object of the present invention 
10 to provide an apparatus for guiding a surgical tool during 
bone cutting operations that allows with precision the 
creation of reference surfaces for fixing a prosthesis. 

It is, moreover, object of the present invention to 
provide such a guiding apparatus suitable for giving a 
15 valid help to the surgeon, providing appropriate support 
and not limiting his action for predetermined degrees of 
freedom. 

It is a further object of the invention to provide 
such a guiding apparatus that is versatile when used in 
20 the operating room and in particular can be easily 
associated to a surgical bed. 

It is, then, object of the present invention to 
provide an equipment for precisely supporting a limb 
throughout orthopaedic surgical operations. 
25 A particular object of the present invention is to 

provide an equipment for supporting the leg and the knee 
during such operations. 

These and other objects are achieved by the 
apparatus according to the present invention, whose 
30 characteristic is to comprise: 

- a robotised positioning unit having a plurality degrees 
of freedom, suitable for being braked in a chosen 
position, 

- a support head mounted at the end of said positioning 
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unit , 

- a mechanism carrying the tool and connected to the 
head, the mechanism being suitable for moving manually the 
tool according to predetermined degrees of freedom with 
5 respect to the head. 

In particular, in a preferred embodiment, the 
mechanism allows the tool to be operated manually in a 
plane, i.e. guided in such plane by the hand of the 
surgeon after that the positioning unit has, previously, 

10 oriented the plane in a predetermined way. 

Advantageously, for the execution of different 
parallel cuts, means are provided for translating said 
mechanism orthogonally to said plane. 

Preferably, the positioning unit comprises a 

15 basement suitable for being arranged under a surgical bed 
and kept integral to the latter. An equipment for the 
support and reference of a limb is provided, in particular 
for supporting the leg and for reference to the knee, 
comprising at least an orientable supporting arm mounted 

20 on the basement. At the arm end opposite to the base a 
couple of jaws is connected, in a way that can be 
adjustably oriented, clamping the limb and firmly 
supporting it near the operation region. 

In a preferred embodiment of the equipment, at least a 

25 couple of jaws is provided for clamping the femur and 
located at the end of said arm. Furthermore, an adjustable 
supporting arm for the foot, an adjustable supporting arm 
for the thigh and an adjustable supporting arm for the tibia 
are provided fixed to the basement. 

30 The support for the tibia may comprises screw means 

for direct penetration into the bone and a clamp for their 
orientation and tightening. 

Alternatively, the support for the tibia may 
comprise jaws means, in the same manner of the femur. 
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Brief description of thg^ d-r awings 

Further characteristics and the advantages of the 
guiding apparatus and the equipment according to the 
present invention will be made clearer with the following 
5 description of an embodiment thereof, exemplifying but not 
limitative, with reference to attached drawings wherein: 

- figure 1 shows a perspective view of a guiding 
apparatus according to the present invention; 

- figure 2 shows an elevational side view of the 
10 apparatus of figure 1 arranged in combination with a 

surgical bed and with an equipment for the support of the 
leg and the knee; 

- figure 3 shows a partial and enlarged perspective view 
of a mechanism mounted at the top end of a positioning 

15 unit with representation of different positions of the 

tool in a same plane; 

figure 4 shows the same perspective partial and 

enlarged view of figure 3 with the mechanism working in a 

different plane. 
20 - figure 5 shows a elevational front view of the surgical 

bed on which an equipment is mounted for supporting the 

leg and for reference to the knee; 

- figure 6 shows a perspective partial more detailed view 
of jaws of the equipment of figure 5. 

25 Description of the pr eferred embodiments 

With reference to figure 1, in a guiding apparatus 
according to the invention a tool 1, for example a 
rotating tool such as a mill operated by a motor 2 or 
operated by means of a transmission cable, is mounted on a 

30 mechanism 3 connected to a head 4 of a positioning unit 5. 

As shown in figure 3, the mechanism 3 comprises at 
least a couple of rods 6, 1 having parallel axes that 
define a plane of movement integral to head 4. Positioning 
unit 5 has arms 10, 11, 12, 13 and 14, capable of rotating 
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with respect to one another and operated by respective 
actuators 10a, 11a, 12a, 13a and 14a. Positioning unit 5 
has therefore five rotational degrees of freedom, and a 
translational degree of freedom by means of a vertical 
slide 16 operated by an actuator not shown. 

Positioning unit 5 is, moreover, connected to a 
basement 17, for example movable on wheels and which can 
be set under a surgical bed 18, shown in figure 2. Means 
are provided 15 at both sides of basement 17 for fixing 
positioning unit 5 to the surgical bed 18. 

In an advantageous embodiment of the invention, as 
hereinafter described in more detail, surgical bed 18 is 
provided with an equipment 19 for the support and 
reference for a limb. 

Before starting the cut of the surface on the bone 
to which the prosthesis has to be fixed positioning unit 5 
moves head 4. More precisely, positioning unit 5 has a 
plurality of axes 10a, 11a, 12a, 13a, 14a associated to 
sensors of rotation that bring head 4 in a predetermined 
location of the space so that : 

- tool 1 is located near the operation region; 

- the plane integral to head 4 and containing rods 6 and 
7 of mechanism 3 is parallel to the plane in which the 
bone reference surface has to be made ; 

tool 1 moves parallel to such plane and cuts with 
precision such reference surface. 

In order to cut a single reference surface for 
fixing the prosthesis more cutting steps may be necessary. 
Therefore, as shown in figures 3 and 4, a fork 21 is 
provided on head 4 between whose ends second rod 7 can 
translate by means of a micrometrical screw 20. This way, 
tool 1 can be translated in a plane parallel to the plane 
in which the previous cut has been executed without moving 
positioning unit 5, with the assurance that the cut is 
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made with the chosen orientation and with an appropriate 
cutting depth. 

At the end of the cutting steps of a first reference 
surface, a second reference surface can be cut which is 
5 oriented differently, according to new co-ordinates 
calculated by means of a computer and a monitor not shown. 
The positioning unit, then, by means of actuators 10a, 
11a, 12a, 13a, 14a above described, will move head 4 so 
that mechanism 3 lays in this new plane. 
10 For such a machine that has to carry out so delicate 

operations, the combination of manual and robotised 
movements is the most favourable for the following 
reasons : 

- manual sensitivity of the surgeon cannot be replaced by 
15 any machine; 

- the surgeon, in any case, is sure that the tool 1 moves 
only in the plane of the reference surface for the 
prosthesis ; 

- this plane can be quickly changed when another reference 
20 surface has to be cut. 

As shown in figures 2 and 5, surgical bed 18 is 
suited for orthopaedic operations since it has an end 32 
which can be bent and to which the equipment 19 according 
to the invention for the support and reference of a limb 

25 can be fixed by releasable lock means 33. 

Equipment 19 comprises a base 35 for a plurality of 
orientable arms 36, 37, 38 and 39 respectively sustaining 
a supporting device 40 for the thigh, a first fixing 
device 41 for the head of the femur, a second fixing 

30 device 42 for the tibia and a supporting device 43 for the 
foot . 

Orientable arms 3 6 - 3 9 comprise at both ends 
spherical joints that allow their angular adjustment as 
well as the angular adjustment of the devices that they 
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are sustaining. 

In particular, as shown in figure 6, fixing device 
41 comprises a couple of hinges 45, 46 according to two 
axes orthogonal to each other and a couple of jaws 4 7 
5 which have sharp edges 4 7a that can clamp for example the 
end portion of the femur diaphisys. Sharp edges 47a can 
slightly nick the bone and when tightened they block 
whichever further movement. This solution allows a not 
very much invasive fastening of the femur diaphisys. 

10 In order to block the bone, dowels 4 8 are 

advantageously provided that engage with in screw threaded 
holes 49 provided on the walls of the jaws. Dowels 48, 
which have sharp end, for example conical end, penetrate 
slightly in the bone and keep it still co-operating with 

15 sharp edges 47a. 

Second fixing device (fig. 5) for the tibia, instead, 
has a couple of clamps 42 which can be tightened by means of 
screws 42a and carry a couple of sticks not shown with screw 
threaded ends previously screwed into the exposed end of the 

20 bone . 

Alternatively, also second fixing device 42 can be 
of the type with jaws and sharp edges as first fixing 
device 41. 

Orientable arms 36, 37, 38, 39 can be easily secured 
25 in whichever angular position, using universal spanners, 
which tighten in a known way the relative spherical 
joints. The same can be done for the hinges and for the 
jaws of first fixing device 41. Orientable arms 36 - 39 
are of known type available on the market, and then not 
30 described further. 

The foregoing description of the specific 
embodiments will so fully reveal the general nature of 
the invention that others can, by applying current 
knowledge, readily modify and/or adapt for various 
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applications such specific embodiments without undue 
experimentation and without departing from the generic 
concept, and, therefore, such adaptations and 
modifications should and are intended to be comprehended 
5 within the meaning and range of equivalents of the 
disclosed embodiments. The means and materials for 
carrying out various disclosed functions may take a 
variety of alternative forms without departing from the 
invention. It is to be understood that the phraseology or 
10 terminology employed herein is for the purpose of 
description and not of limitation. 
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CLAIMS 

1. Apparatus for guiding a tool, during bone cutting 
operations, for the execution of fixing and reference 
surfaces for a prosthesis, characterised in that it 

5 comprises 

- a robotised positioning unit having a plurality of 
degrees of freedom, suitable for being braked in a chosen 
position, 

- a support head mounted to an end of said robotised 
10 positioning unit, 

- a mechanism carrying said tool and connected to said 
head, said mechanism being suitable for moving manually 
said tool according to predetermined degrees of freedom 
with respect to said head. 

15 2. Apparatus according to claim 1, wherein said mechanism, 
with respect to said head, is capable of moving said tool 
in a plane, means being provided for translating said 
mechanism orthogonally to said plane. 

3. Apparatus according to the previous claims, wherein 
20 said mechanism comprises a first rod carrying said tool 

and a second rod, pivotally connected to said first rod. 

4. Apparatus according to the previous claims, wherein 
said head comprises a fork support and said means for 
translating said mechanism orthogonally to said plane 

25 comprise a micrometrical screw extending within said fork. 

5. Apparatus according to claim 1, wherein said 
positioning unit comprises a basement suitable for being 
arranged under a surgical bed, means being provided for 
securing said basement to said surgical bed. 

30 6. Apparatus according to claim 1, wherein an equipment 
for the support and the reference of limbs is provided, in 
particular for the support of the leg and for reference to 
the knee, comprising at least an orientable supporting arm 
mounted on a base, to the end of said arm opposite to said 



wo 99/37220 PCT/EP99/00446 

- 11 - 

base at least a couple of jaws facing each other being 
connected in a way that can be oriented, said jaws being 
capable of adjustably clamping said limb and of supporting 
it firmly near the operation region. 
5 7. Apparatus according to claim 5, wherein in said 
equipment at least a couple of jaws is provided at the end 
of said arm for fixing said limb, said jaws comprising 
sharp edges. 

8. Equipment according to claims 6 o 7, wherein said jaws 
10 have walls crossed by dowels for further clamping said 

limb . 

9. Equipment according to claims from 6 to 8 , wherein, an 
adjustable supporting arm for a support of the foot, an 
adjustable supporting arm for a support of the thigh and 

15 an adjustable supporting arm for a support of the tibia 
are further comprised fixed to said base, said support for 
the foot comprising a pedal in a way that can be oriented 
connected to the relative arm, said support for the thigh 
comprising a saddle in a way that can be oriented 

20 connected to the relative arm. 

10. Equipment according to claim 9, wherein said support 
for the tibia comprises fixing means chosen among: 

- sticks with screw threaded end and clamps for securing 
said sticks in a way that can be oriented connected to the 

25 relative arm 

- jaws having sharp edges facing each other suitable for 
adjustably clamping said limb and for supporting it firmly 
near the region of operation. 
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